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A study on the (-elimination reaction from
N-[2-(p-nitrophenyl)ethyllquinuclidinium and
2-(p-nitrophenyl)ethyl bromide induced by amines in
dimethylsulfoxide with formation of p-nitrostyrene’

Sergio Alunni* and Arianna Rocchi
Dipartimento Di Chimica, Universita Di Perugia, 06100 Perugia, Italy

Second order rate constants kz M! s for the B-elimination reaction from N-[2-(p-nitrophenyl)ethyllquinuclidinium
and 2-(p-nitrophenyl)ethyl bromide induced by amines of different structure in dimethylsulfoxide at 50 °C have been
measured. Application of the BrOnsted equation shows a similar behaviour of the two substrates, with values of 3
= 0.649 and 0.584 respectively.

Distinguishing between a concerted & a step-wise [€b Table 1 Second-order rate constants, k; M-1 s-1 for elimination
irreversible mechanism (Eb), of elimination reactions is a reactions from N-[2-(p-nitrophenyl)ethyllquinuclidinium (1)
difficult task1-3 It has been demonstrafédthat the base- 2nd (2-(p-nitrophenylethyl)bromide (2) induced by amines in
. S . . . DMSO at 50°C or 25°C

inducedp-elimination from N-[2-p-nitrophenyl)ethyl]quinu-

clidinium in H,O follows an Ecb reversible mechanism, _ 1031 ke? 1021kE:’ 1021 ket K, (PK;+log
(E,cb),; however, the addition of the dipolar aprotic solvent Amine MTs?  Mis? M's p/q)®
DMSO, decreas_es the degr_ee of reversibility of the formatior1_Butylamine 1) 168 8.04 21 11.199 1157
of the intermediate carbanion, and when the percentage (pipytylamine (2) 6.48 5.89 18  10.019 103
DMSO reaches 60%vol, an,&b irreversible mechanism, Diethylamine (3) 8.45 9.50 2.4 10.519 10.8
(E,cb), is observefl It is therefore reasonable to assume thatTriethylamine (4) 0.745 1.3 033 9.0 9.0
in 100% DMSO , the base-induc@delimination from this ~ Quinuclidine (5) 11.2 27.8 715 981" 938
Imidazole (6) 0.0196  0.0184 0.0026 6.26!"® 6.56

substrate follows an (Eb) mechanism. In our study, we have

compared the dependence of the reactivity of Net2ifo- asubstrate (1) at 50°C; Psubstrate (2) at 50°C; °substrate (2) at
phenylethyllquinuclidinium 1) with that of 2-p-nitro- 25°C; %the pK, of the c’onjugate acid of the amine are at 25°C in
’ a

phenyl)ethyl bromiO_le20 on a series of amines with different pyso. ep is the number of equivalent protons in the conjugate
structures at 50°C in DMSO. Both processes lead to the foracid of the amine, g is the number of basic nitrogen in the
mation ofp-nitrostyrene, scheme 1: amine.

DMSO + . . . . . .
OZN—O—CHQ—Q»I; — ozr~14<;>—cu=cn2 . H~N<—+ X with respect to the amine. The first order kinetics with all
X

Pyridine (7) 0.000154 0.00051 3.4% 3.4

NC amines, excludes the possibility of catalysis by a second mol-
ecule of amine in the transition state: this possibility has been
X= & B reportedt> An (E,cb), mechanism can also be excluded
@ because it is not compatible with the result of second order
kinetics. In Table 1 the measured second order rate constants,

ke M1 s, are reported for the amine-induc@elimination
Scheme 1 from (1) and @) in DMSO at 50°C or 25°C.
Figures 1, 2 and 3 show the related Brgnsted plots.

The mechanism of the base-indugedlimination reaction From Figs 1, 2 and 3, it can be seen that the different classes

from (2) has been assigrfeds concerted Ebased on the
structure-reactivity interactions. It has been repdrfethat
some proton transfer reactions from carbon acids catalysed t
amines of different structures, can show different behaviours 15

in a Bransted plot®!! depending on the structure of the 2]
amine; these deviations have been related to the structure
the transition state of the process. It is of interest to compar 3
the reactions of the two substrate$) and @), which are i <
reported to react by the two different mechanisms,0E B
(E,cb), respectively, and to study their behaviour with respect £ 4
to the structure of the amine catalysts. < ]
Kinetic studies were carried out in pseudo first-order condi- *82,‘
tions, with an excess of amine with respect to the substrate = 77
The formation ofp-nitrostyrene in DMSO at 50°C was 8
followed atA=336 nm. Most of the reactions were followed to
completion; the slower reactions were followed by initial 0 S SR S A T
rates. The elimination reactions are of second order with al pK, +Log plg

amines, first order with respect to the substrate and first orde o . )
Fig. 1 Brgnsted plot for the B-elimination reactions induced by

- - - — amines from N-[2-(p-nitrophenyl)ethyllquinuclidinium (1) in

* To receive any correspondence. E-mail: alunnis@unipg.it ~ DMSO at 50°C. Linear regression analysis gives the equation:

T This is a Short Paper, there is therefore no corresponding material ly = -8.93 +0.649x, r = 0.9870. Numbers on the plot refer to
J Chem. Research (M). amines as in Table 1.
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Fig. 2 Brgnsted plot for the B-elimination reactions induced by
amines from 2-(p-nitrophenyl)ethyl bromide (2) in DMSO at
50°C. Linear regression analysis gives the equation: y=-7.24 +
0.584x, r = 0.9602. Numbers on the plot refer to amines as in
Table 1.
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Fig. 3 Brgnsted plot for the B-elimination reactions induced by
amines from 2-(p-nitrophenyl)ethyl bromide (2) in DMSO at
25°C. Linear regression analysis gives the equation: y=-8.26 +
0.626x, r = 0.8885. Numbers on the plot refer to amines as in
Table 1.

of amines follow the same linear correlation and steric effectKinetics

due to the structure of the amine are not relevant. In all case

quinuclidine was found to be slightly more reactive than pre-

dicted from the Bmnnsted equation. Also, no curvatures are

observed within the three plots, even if there is a large varia
tion in the pKa of the amines used. The behaviour of the twoy

substrates,1) and @) on the Bronsted plot is very similar,
with a 3 value of 0.6491) and 0.584 %) at 50°C. It can be
concluded that the two mechanisms,offyy in which rate
determining is proton transfer, (substraje or E,, in which

proton transfer is coupled with carbon-leaving group bond,

breaking, (substrat®), do not show significant differences in
a Brgnsted plot with respect to the amine catalyst.

It has been estimatetbr the pK, of (1) in DMSO a value
of pK, = 16 (acidic proton in thg position with respect to the
quinuclidinium group). From the Brgnsted plot of Fig. 1 a
value for the intrinsic rate constahtan be estimated: log, k

$he formation op-nitrostyrene was followed at= 336 nm, £ = 6581
M-1cnTtin DMSO at 50°C). Reactions were studied in conditions of

pseudo first order, an excess of amine in all cases being used. Second

order rate Constantstr_lls/l‘l s, were always found to be independent
of amine concentration. Most of the reactions were followed to com-
letion and the second order rate constant was calculated from
In(A, -A)I(A, -A) = kot [amine]. The slower reactions were
followed by initial rate$and k- calculated from the equatioA; = A

+ kgt [amine] @, -A)). Some processes of intermediate reactivity
were followed with both methods and the calculated second-order
rate constants were found to be in agreement withif. The
alues of k M~ s were taken as the average of the values measured
at several amine concentrations.. The range of amine concentration
was between 0.01 and 0.1 M; with imidazole 0.1-0.4 M and with
pyridine 0.4-0.8 M.

Thanks are due to the italian CNR and Ministero della ricerca
e della Universita (MURST) for financial support.

= 1.45 (k is the extrapolated rate constant with a catalyst ofgaceived 23 September 1999; accepted 12 October 1999

pKa = 16). This value is consistent with repotadalues of
intrinsic rate constants for carbanion-forming reactions from
carbon acid. A value for the intrinsic barrlé#3as defined by
Marcus!4 can then be calculatefiG,* = 15.67 kcal/mol. This
significant value ofAG;* for the process from substrat#) (
can explaif! the lack of curvature in the Bragnsted plot of
Fig. 1. Also, the significant value &iG,* can be related to the
“principle of imperfect syncronisatiod®18in this case there

would be a lack of syncronisation, in the transition state, in the 3
stabilisation of the negative charge of the intermediate4

carbanion by the p-nitrophenyl group.

In conclusion the two substrateg) @r (2), reacting by a
B-elimination reaction in DMSO with two different mecha-
nisms (Ecb), or E, respectively present a similar behaviour in
a Brgnsted plot with amine catalyst of different structures.
This technique therefore cannot be used to distinguish the tw
processes.

Experimental

N-[2-(p-nitrophenyl)ethyl]quinuclidiniumX) was prepared following
the procedure previously described2-(p-nitrophenyl)ethyl
bromide @), (Aldrich) was recrystallized twice before use. DMSO
was first dried over 4 A molecular sieves and then distiie¢acuo
from calcium hydride at 50°C. All the amines used were commercial.
The liquid amines were redistilled, while the solid amines were
recrystallised.
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